ABSTRACT
Introduction
Remediation methods of contaminated soils with heavy metals can be roughly classified into physical or chemical, and phytoremediation [1] . Remediation mechanisms basically consist of two fundamental principles. The first is to completely remove contaminations from polluted sites and the second is to transform these pollutants to harmless forms by using one or more engineering tech-nologies, which mainly include excavation, separation, extraction, electrokinesis, washing, oxidation, reduction, phytoextraction, phytovolatilization, or solidification, vitrification, among others [1] [2] [3] [4] .
Traditionally, remediation of contaminated soils is achieved by excavation and ex situ treatment (generally solidification/stabilization) and/or disposal. [5, 6] . The remedial actions based on solidification/stabilization technology are no longer considered a permanent environmental solution because of: 1) the metals are not removed from contaminated media; 2) the need for future monitoring of heavy metals on site; 3) questionable longevity of the solidified/stabilized materials; and 4) the long-term management of the solidified/stabilized materials is based on landfilling and requires soil caps to prevent erosion problems [7] . The high cost and disruption of such treatments has made the development of in situ alternatives [6, 8] . Thus, several methods for in situ remediation have been developed, including vitrification, soil washing/acid extraction, phytoremediation, soil flushing [9] , and bioremediation [10] [11] [12] . However, there are still several disadvantages associated with phytoremediation, electro-kinetics and bioremediation. Those were long treatment duration, subjectivity to weather patterns, plant predation and diseases, potential phytotoxicity when applied in heavily polluted soils, risk of food chain contamination, ineffectiveness in extracting the strongly bound contaminants, suitable micro-organisms, environmental conditions and time, and finally risk of leaching of pollutants. Hence, there is a great need to promote effective soil treatment technologies that attempts to remove the metals from the soils. Among these developed remediation technologies, soil washing process gives high removal efficiency for remediating sites contaminated by heavy metals and organics using suitable chelating agents, surfactant, acids, alkalis and complexing agents because it can be applied to large contaminated areas due to its rapid kinetics, operational easiness, and economical efficiency [13] . Several types of extractants can be used to extract heavy metals and metalloids from contaminated soils for soil washing technology. The extractants may be acids, bases, chelating agents, electrolytes, oxidizing agents and surfactants [14] [15] [16] [17] , of which acids and chelating agents are the most popular extractive reagents for heavy metals decontamination. Acid washing leads to decreased soil productivity and adverse changes in the chemical and physical structures of soils due to mineral dissolution [18] . Chelating agents such as ethylenediamine tetraacetic acid (EDTA), nitriloacetic acid (NTA), diethylenetriamine pentaacetic acid (DTPA) and S,S-ethylene-diaminedisuccinic acid (EDDS) are regarded as more attractive alternatives to acids or bases because they can form strong metal-ligand complexes and are thus highly effective in remediating heavy metal-contaminated soils [19] [20] [21] . Among these chelators, NTA is a Class II carcinogen [22] and DTPA is identified by Sigma Chemical Co. (St. Louis, MO) as toxic and a potential carcinogen [23] . EDTA continues to be explored extensively for soil remediation because of its ability to mobilize metal cations efficiently coupled with only a minor impact on the physical and chemical properties of the soil matrix [24] . The extraction kinetics of copper, zinc, iron and manganese from the contaminated sediment of the Clark Fork River in western Montana, U.S.A., with Disodiun Ethylenediaminetetraacetate (Na 2 EDTA) as the extraction agent, were investigated. The results showed the extraction process consisted of rapid extraction in the first minutes followed by much slower extraction for the remainder of the experiment. The rate of extraction, particularly in the rapid phase, demonstrated clear pH dependence: the lower the pH, the faster the extraction rate [38] .
Previous study has proved that some chelating agents, such as EDTA, DTPA, and EDDS, were suitable to remediate the metal-contaminated soils. However, Little information is available in using chitosan, the common and biodegradable chelate compound, as the chelating agent to separate the heavy metal from the soil. The aim of this study was to verify the capacity of chitosan for removal of copper and nickel from the soil after a conventional soil wash procedure. A batch study using solutions of the two chelating agents (chitosan, EDTA), and sodium citrate as a reference for comparison, was performed. The key issues were: 1) Which is the most effective eluent for the copper/nickel contaminated soil? 2) Which is the most important parameter to control the extracting reaction? 3) What are the optimal parameters?
Material and Method

Soil
The soil investigated in this study was obtained from 0 m -1.5 m below the ground surface in the area of changleng high-tech industrial development zone, Nanchang city of China. The soil sample was belong to red earth and was initially uncontaminated with toxic heavy metals. All the soil samples were air dried, screened through Number 10 sieve to remove large particles and stones, then thoroughly mixed to ensure uniformity and stored in a plastic bag at room temperature (20˚C -30˚C) for subsequent experiments.
Soil Contamination
Two soil samples, which were 1 Kg weight, were taken from the prepared soil, and were spiked with solutions containing CuSO 4 or NiSO 4 , separately. The laboratoryprepared contaminated soil had the advantage of good homogeneity in terms of consistent heavy metal concentration and speciation, soil composition, contamination process, and contamination period. This would minimize ambiguity in the extraction results arising from sample heterogeneity. To minimize the discrepancy between the field-contaminated soil and the artificial-contaminated soil, the soil samples were equilibrated for 2 weekss in wet condition followed by dry aging for more than 4 weeks. The wet aging stage was essential to ensure complete and even exposure of every soil particle to contamination. At the end of the 2-week wet-aging period, the soils were separated from solution, dried and aged further for another 4 weeks before soil characterization and extraction experiment were carried out.
The following parameters were determined prior to the extraction experiments: pH (solid: de-ironed water = 1: 2.5 W/V);water content; specific gravity; total organic matter; total nickel and copper contents (mixed acid digestion with concentrated HNO 3 , HCl, HF and HClO 4 ). The selected physicochemical properties of the sample soils are presented in Table 1 .
Analysis of Metal Sepciation
Copper and nickel speciations in the contaminated soil were performed using sequential extraction based on Tessier procedure [25] . The exchangeable fraction was determined through extraction with 8mL of 1.0 M MgCl 2 at pH 7.0 for 1 h. The carbonated-associated fraction was determined after extraction with 8 mL of 1.0 M NaAc adjusted to pH 5.0 with acetic acid for 5.0 h. The Fe-Mn oxide fraction was determined after extraction with 20 4 Ac in 20% HNO 3 diluted to 20 mL at room temperature for 0.5 h. The residual fraction, the above four fractions subtracted from the total metal content.
Eluent Production
Considering the biodegradation, in this study, chitosan, EDTA and sodium citrate were selected from all kinds of eluents. To product EDTA solution, 0.1 g of EDTA was dissolved in the 500 ml de-ironizeed water, the same as to product sodium citrate solution. It was different in the processing of preparing the chitosan solution. At first, the 0.1 g of chitosan must be dissolved in the HCL solution of 0.1 mol/L, and then the mixed solution was moved into 500 ml volumetric flask, brought to volume by deironized water, and mixed. All the chemicals were procured as analytical grade from China Chemical Factory, Shanghai, China (purity ≥ 99%).
Extraction procedure
Five sets of extraction experiments were conducted to assess the effects of 1) chelating agent; 2) reaction time; 3) pH; 4) liquid/solid ratio; and 5) chelating agent concentration on copper/nickel extraction efficiencies. The extraction tests were conducted in 25 mL polyethylene tubes. The tubes containing 2.0 g soil sample and a measured volume of chelating agent were agitated using an end-over-end shaker at a speed of 120 rpm at room temperature (28˚C -33˚C) for a given time. The suspensions were centrifuged at the rotating speed of 4000 rpm for 15 min and the supernatants were then filtered through a 0.45 mm membrane to remove particulates in the solution. The residues were washed twice by de-iron water. The supernatants were collected into a 50 mL flask, brought to volume by de-ironized water, and the concentrations of metals were measured by atomic absorption. Five sets of extraction experiments were conducted to assess the effects of 1) chelating agent; 2) reaction time; 3) pH; 4) liquid/solid ratio; and 5) chelating agent concentration on copper/nickel extraction efficiencies. The extraction tests were conducted in 25 mL polyethylene tubes. The tubes containing 2.0 g soil sample and a measured volume of chelating agent were agitated using an end-over-end shaker at a speed of 120 rpm at room temperature (28˚C -33˚C) for a given time. The suspensions were centrifuged at the rotating speed of 4000 rpm for 15 min and the supernatants were then filtered through a 0.45 mm membrane to remove particulates in the solution. The residues were washed twice by de-iron water. The supernatants were collected into a 50 mL flask, brought to volume by de-ironized water, and the concentrations of metals were measured by atomic absorption spectrophotometer. All tests were performed in triplicates and the results were presented as averages of the triplicate extracts.
In the experiment investigating different chelating agents, three kinds of chelating agents were used: chitosan, ethylenediamine tetraacetic acid (EDTA) and sodium citrate. The 0.2 g/L eluent solutions (chitosan/ EDTA/sodium citrate) were prepared according to 2.4. The final solution pH of chitosan, EDTA and sodium citrate was 3.27, 3.13 and 7.33, respectively. The washing times were set from 2 h to 8 h for the three types of chelating agents. The treatments had the same concentration (0.2 g/L) and liquid/soil ratio (10 ml/g).
In the pH value experiment, five different pH value of chitosan solution (3, 4, 5, 6, 7) were chosen (L/S = 10 ml/g, 2 h). The pH values of chitosan solution were adjusted with diluted HNO 3 or NaOH solution. The liquid/ soil ratio investigations were conducted by 1, 2, 3 and 4 g of soil sample with 20 ml 0.2 g/L chitosan solution, giving liquid/soil ratios of 20, 10, 7, and 5, respectively (2 h). To study the effects of concentration on extraction efficiency, the concentrate of chitosan solution applied were 0.1 g/L, 0.2 g/L, 0.3 g/L, and 0.4 g/L, while the soil sample were 1 g (L/S = 10 ml/g, 2 h).
Result and Discuss
Comparing and Selecting of Eluents
To study the extraction effects of three kinds of eluents used to the contaminated soil, the extraction efficiency has been shown in Figure 2 . It was found that, for the eluents tested, the order of extraction of copper and nickel from the heavy metal contaminated soil was chitosan > EDTA > sodium citrate. And the extraction efficiency of nickel was higher than copper, when they were extracted with the same chelating agents. The removal difference was consistent with the relative stability of ligand complexes for the two metals [30] . So the chitosan solution was the most effective chelating agent, especially to extract nickel from the nickel-contaminated soil.
It was also evident that extending the reaction time from 2 h to 8 h did not affect the extract efficiency significantly, especially to the copper-contaminated soil. While to the nickel-contaminated soil, the extract efficiency increased from 51.25% to 63.47%. The possible reason lies in the extracted copper/nickel was re-dissolved in the soil in longer reaction time. Considering technique-economy, the optimal reaction time in the extraction was 2 hours. The process of chelating agents extracting heavy metal from the soil included two step adsorptions, in which a rapid desorption within the first hour was followed by a subsequent gradual release that occurred over the following hours [31] . In this study, the removal reached a relatively higher level at 2 h, when 38.72% of copper and 51.25% of nickel were removed. With further mixing, the removal approached a plateau after 4 -8 h and remained almost constant. A further increase of the reaction time had little effect on the overall removal. Therefore, a reaction time of 2 h was chosen for the following experiments.
Influence of Chitosan Solution pH on Copper/Nickel Extraction
In the pH value dependent experiment, the extract efficiency decreased with the increasing pH value of the chitocan solution. It was the highest extract efficiency when the pH value was 3 (Figure 3) . Many studies have shown that pH is the dominant solution parameter controlling metal extraction from adsorbents [26] . Desorption decreases dramatically as solution pH increased. It is possible for the presence of complexing ligands to interfere with this relationship [27] . The reason was in relation to the nature that chitosan was a derivative from the natural amino polysaccharide chitin by stripping acetyl down, and the amino in chitosan can form complexes with metal ions in acidic medium, which was because the amino can be protonated to R-3 in acidic medium, while it is difficult to dissolve in the alkaline medium. So, as the pH value increasing, the extraction of copper/ nickel dropped. But pH less than 3 would no longer lead the result, for Jianzhen Yu & Dong Klarup evident that when the pH of the EDTA solution decreased to a certain value all metals that were tested were removed to a greater extent from the sediment. 58.50%, 59.72%, and 63.34% when the concentration was 0.1, 0.2, 0.3, and 0.4 g/L, respectively. The removal of copper was obviously increased from 30.99% to 43.49%, when the chitosan concentrate increased from 0.1 to 0.3 g/L, and then reached a constant level at around 43%. These results indicated that chitosan concentration had effect on the removal efficiency of copper and nickel. But when the dose of chelant was enough for the requirement of soil, the influence was very slight. The critical level of this study was 0.3 g/L soil (liquid/ solid = 10, reaction time = 2 h).
Influence of Liquid/Solid Ratio
Copper and nickel extraction efficiencies for different solution/soil ratios are present in Figure 5 . Extraction time for these experiments was 2 hours. The figures showed that the extraction efficiencies of copper and nickel were greatly depended on liquid/solid ratio. When the solution/soil ratio increased from 5 to 20, the removal of copper was from 26.34% to 47.22%, while the removal of nickel was from 41.75% to 66.13%. However, with the same concentration (0.2 g/L), increasing the liquid/soil ratio means the chitosan dose was increased. It seems that when increasing the chitosan dose, only a small portion was effectively transformed into metalchelant complexes, while the excess remained in free form or might form complexes with other cations (Fe, Al, etc.).On the other hand, the extraction process of soil wash would generate large amount of wastewater, which would enhance the treatment cost with chemical extraction technology.
Using a highly concentrated chelating agent could increase the extraction efficiency of heavy metals and likely reduce the generation of leachate [32] . But using a lower concentration and high liquid/soil ratio also has some advantages, especially for some soils, it could prevent clogging of the soil during leaching [33] .
Conclusions
Based on the experimental results, it was shown that the order of extract efficiency of copper and nickel from the contaminated soil was chitosan > EDTA > sodium citrate, so chitosan solution was the best extracting solution in the three chelating agents. In the different reaction time, results of the experiments showed that extending reaction time could not increase the extraction rate of copper and nickel. Conversely, long reaction time would improve the chance of the extracted heavy metal being re-dissolved in the soil. On the other hand, decreasing the pH value of eluents could maximize extraction. Acidic condition would increases the mobility of heavy metal. When the pH value of the chitosan reaction was maintained in the rage of 3 -3.5, the average extraction rate of copper were 43.36% and of nickel were 37.07%, which had extracted all of the exchangeable metal in the soil, for the share of exchangeable copper was 31.95% and exchangeable nickel was 29.53% (Figure 1) . The concentration of chitosan solution had effect on the removal efficiency of copper and nickel. But when the dose of chelant was enough for the requirement of soil, the influence was very slight. At the same time, the liquid/solid ratio was an important parameter to control the extracting reaction. But the higher liquid/solid ratio would generate wastewater and increase the cost of soil remediation. In this study, the best match of concentration and liquid/solid was 0.3 g/L and 10 mL/g.
Acknowledgements
